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ABSTRACT 
  
After the devastating April 2015 Gorkha earthquake in Nepal, entire villages were destroyed and 
remain unbuilt. In addition, rural subsistence farmers in the village of Takure, Nepal are 
struggling to provide for their families due to a long seasonal dry season from October to May.8  
In order to address this crisis, this team designed and implemented a simple earthbag house with 
a rooftop rainwater catchment system for homeless villagers in Takure. This single-family house 
design aimed to address Takure’s most urgent needs by being seismically-resistant, locally 
sourced, economically feasible, and sustainable. The project also created valuable benefits for 
the Takure community, including local job creation and empowerment. 
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INTRODUCTION 
Project History 
On Saturday, April 25th, 2015, at 11:56 am local time, the Gorkha Earthquake struck 
75km NW of Kathmandu, Nepal with a catastrophic 7.9-magnitude force.1 Nearly 9,000 people 
were killed and 25,000 were injured.2 More than 600,000 homes were lost, resulting in nearly 
650,000 families displaced.3 The district that was hit the hardest was Sindhupalchok, where more 
than 90% of homes were lost. In Takure, Sindhupalchok (the site of our proposed project) all but 
one of the village’s 245 homes were left in rubble.4  Figure 1 shows the location of Takure at the 
edge of the Sindhupalchok district, which had the highest earthquake death toll.  
 
Figure 1. Map illustrating death toll resulting from Gorkha Earthquake by district, as well as the 
locations of the epicenter, Kathmandu, and Takure.5 
 
Demonstrated Need for Project 
The people of Takure, Nepal need to rebuild safe and economically feasible homes after 
the Gorkha earthquake. These people, who are mostly farmers, also need a water collection and 
storage system in order to generate cash crop income. 
  
Problems the Project Addressed and the Proposed Solutions 
The following table summarizes the urgent problems in Takure, Nepal after the 
devastating earthquake and the solutions the project provides. 
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Table 1. Problems faced in Takure and the designed solutions. 
Problem Solution 
Lack of seismically resistant homes Seismically-resistant home design 
using earthbag technology 
Sparse Nepali government funds being released, 
totalling $3,000 per family 
Most cost-efficient design 
Subsistence farmers want to expand their farming into 
cash crops despite the long dry season 
Design of rooftop rainwater 
collection system 
  
Urgent Need for Seismically-Resistant Design 
Despite Nepal’s especially vulnerable location along the Himalayan arc between the 
Indian and Eurasian plates, the majority of homes and commercial buildings in this country are 
not designed for seismic activity.6 The disparity between Nepal’s lacking construction and the 
structurally sound design in other nations is illustrated by comparing it to the 2010 earthquake 
that occurred in Chile.2  This temblor was ten times stronger than that in Nepal, yet it resulted in 
far fewer deaths (500 in Chile versus nearly 9,000 in Nepal). Much of this can be attributed to 
the fact that stone masonry houses, which comprise approximately 45% of buildings in Nepal, 
fail without warning during a seismic event.6  Therefore, it is clear that there is an urgent need 
for a building design in Nepal that is seismically resistant. 
 
The Immediate Need for an Economical Design 
Seventeen months after the disaster, the government of Nepal began to provide families 
with their first installment of aid.7 For the village of Takure, this assistance comes in the form of 
$3,000 USD total per family, coming in $500 increments. The first $500 to buy housing 
materials was delivered in September, 2016. Meanwhile, many families have used these funds to 
begin building their homes from mud brick the same way they built before the 2015 earthquake. 
Yet, if buildings continue to be built this same way, they will fail again in the next earthquake. In 
addition, most of the residents in Takure are subsistence farmers, meaning that they live off of 
the land with no additional income from their crops. Therefore, many do not have funds to 
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feasibly rebuild following the earthquake. As a result, the vast majority have been living in the 
ruins of their destroyed home or in temporary, makeshift shelters in the two years since April, 
2015. These living conditions are illustrated in Figure 2. Adequately-designed, earthquake-
resistant, and inexpensive houses are needed now. 
 
  
 
 
 
 
 
Figure 2. Examples of current living conditions in Takure, such as the ruins of destroyed homes 
(left), or makeshift shelters like Sunita’s current home (right). 
 
The Long-Term Need for a Rainwater Catchment System 
As previously stated, the majority of Takure’s residents are subsistence farmers, most of 
whom have had no additional income to help rebuild after the quake. Cash crops have the 
potential to be a source of income for these villagers; however, the lopsided rain patterns are not 
compatible with growing many desirable cash crops. During the four month monsoon period, 78 
percent of precipitation occurs. This leaves only 22 percent of the annual rain to spread over the 
long dry season from October to May.8  Although the monsoon rain period allows the villagers to 
grow adequate amounts of typical Nepalese diet staples, these crops have little value as a cash 
crop in their area since the majority of the villagers grow their own food. If water can be 
collected during the monsoon season and stored for its use during the dry season, these farmers 
could extend their farming into consumer-friendly cash crops. 
 The project needs described above were fulfilled in the design and construction of a home 
and rainwater catchment system for a local Takure villager named Sunita. The next sections go 
into more detail about this specific home and catchment system. 
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General Site Description 
Figure 3 shows a general map of Sunita’s earthbag home construction site, illustrating the 
approximate locations of the house’s rooms, existing toilet, small-scale crop garden, and cattle 
pasture. The home is oriented such that it faces the mountainside, so that the outdoor kitchen is 
shielded from the strong gusts of wind that often travel up the hillside. The total area of the home 
is approximately 50 meters squared (m2), which is a typical size for three residents by Nepali 
standards.  
 
Figure 3. Site Map for earthbag home construction site. 
 
Scope of Work and Organization of Thesis 
There are two main components of this project: first is the earthbag home and second is 
the rainwater catchment system. With the earthbag home, five main project deliverables were 
focused on. First, a steel roof truss for the roofing system of the house was designed. Then, the 
team analyzed the the walls’ connection to the roof, the earthbag wall behavior itself, and 
foundation connection to walls. Finally, for the foundation, the team analyzed a stacked stone 
foundation, which is typically used for structures in Nepal. This was the actual foundation that 
was constructed onsite. The team also designed an alternative concrete and rebar foundation, per 
The International Building Code. A schematic diagram summarizing these project deliverables is 
shown in Figure 4.   
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Figure 4. Illustration of main project deliverables (architectural rendering completed by Satwika 
Taduri from Conscious Impact).  
 A significant phase of the project was its actual implementation in Nepal. For this 
portion, the team partnered with Conscious Impact, which is a social enterprise based in Takure, 
Nepal. The team was connected to Conscious Impact via Scott Hanson, a SCU Civil Engineering 
alumnus (Class of 2014). Conscious Impact’s primary role in this project was managing the 
construction of the earthbag home site, while the team sent over design recommendations. 
Conscious Impact also acted as a community liaison in helping the team network and connect 
with those living in Takure. With the help of Conscious Impact, Sunita Tamang was chosen by 
the local community to receive the earthbag home. Sunita is a widow and mother of three 
children who lost her husband about two months before the earthquake hit in 2015. Thanks to 
funding from Santa Clara University, the team was able to travel to Takure for two weeks in 
order to observe and participate in the construction, gain a greater understanding of working 
conditions, visit material suppliers, and meet community members (including Sunita and her 
family).   
  
ANALYSIS OF ALTERNATIVES 
Brief Description of Alternative Solutions 
In order to choose the most ideal building material for the design in Nepal, three different 
commonly-used materials in developing countries were considered. These materials include fired 
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bricks, Compressed Stabilized Earth Blocks (CSEBs) and earthbags. Table 2 shows advantages 
and disadvantages of each material considered. Each material’s capability to resist seismic 
forces, its source, type of labor, needed technology, environmental impact and cost were 
compared. 
 Table 2. Alternative solution materials to building a seismically safe house in Takure, Nepal. 
 Fired Bricks CSEBs Earthbags 
Seismically Safe ✖ ✅ ✅ 
Locally Sourced ✖ ✅ ✅ 
Unskilled Labor ✖ ✖ ✅ 
No Advanced Technology ✖ ✖ ✅ 
Sustainable ✖ ✖ ✅ 
Cost ~$12,000 ~$8,000 ~$6,500 
  
Comparison of Alternatives 
Fired bricks are a popular and familiar building material in Nepal. This material poses a 
significant safety problem since the Nepali usually use these brick without reinforcement, 
creating a seismically unsafe structure. For this reason, fired bricks as a design solution were 
discarded. 
On the other hand, CSEBs and earthbags are both seismically safe materials. CSEBs are a 
material that Conscious Impact has been encouraging families to rebuild with after the 2015 
earthquake. Although this material is locally sourced, it is at a disadvantage compared to 
earthbags in the rest of the criteria evaluated. Earthbags are seismically safe, locally sourced, 
require no skilled labor or advanced technology, and are also more sustainable. Building with 
earthbag is also less expensive than the other material options. According to Conscious Impact, 
an earthbag home costs approximately $6,500, while a fired brick home costs approximately 
$12,000 and a CSEB home costs approximately $8,000 (amounts include labor costs). 
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Final Logic Used to Select Solution 
Based on the many merits of earthbag, as shown in the comparison of materials in Table 
2, the team decided to design the home using earthbag technology. The only challenge with this 
material is that there are limited available published code values to govern design. Meanwhile, 
strong empirical evidence exists that proves earthbag’s ability to resist seismic forces, as will be 
explained in a later section. Overall, earthbag material has properties and characteristics that 
enable the most cost-efficient, safe design. 
 
How Solution Best Meets Project Needs 
Earthbag building is composed of soil stuffed inside polypropylene bags. The earthbags 
are staggered like masonry, solidly tamped, and then barbed wire is used as a mortar between the 
layers of bags as shown in Figure 5.20 Reinforcement such as buttresses, vertical rebars and bond 
beams are used in earthquake-prone areas. As a final step, plaster is used for the exterior of the 
walls in order to protect the bags from weather elements and UV light. 
Earthbag technology was an ideal material option to use in this design for several 
reasons. This building option is simple, inexpensive, sustainable and earthquake-resistant. This 
technology is more eco-friendly when compared to other similar materials commonly used in 
developing countries, such as concrete blocks or fired bricks. Earthbags are not fired and do not 
contain cement in the design unless a concrete bond beam is used. Hence the carbon dioxide 
(CO2 ) footprint is not as high as the CO2 footprint of fired bricks and concrete blocks. In 
addition, this material is cost-efficient since it is made mostly of local materials typically found 
at the construction site and does not require skilled labor, advanced technology or 
transportation.9 
 
Figure 5. Staggered bags with barbed wire placed in between layers. 
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At the time of the 2015 earthquake, an estimated 55 earthbag structures existed throughout Nepal 
and all survived the 2015 earthquake.9 In addition, tests performed in accordance with the 
International Building Code standards concluded that this technology can be used in locations 
with the highest levels of seismic activity such as California; it exceed Zone 4 standards. Several 
components make earthbag structures safe during earthquakes. These include: 
● A rubble trench foundation design that is not attached to the earthbags minimizes the 
shock transfer to the walls 
● Earthbag material that effectively reduces both horizontal and vertical vibrations by 
damping 
● Buttresses at the corners and end of the walls to help increase resistance to in-plane and 
out-of-plane forces 
● The high tensile strength of the barbed wire to resist wall collapse  
● Walls with a large width and concrete bond beam to increase the stability of the structure 
● Vertical rebar reinforcement to provide additional shear strength and wall stiffness, and 
to help the wall act as one unit 
 
DESIGN CRITERIA AND STANDARDS 
Applicable Codes and Standards 
The team looked at three different codes in the design of the earthbag home. The first 
code was the Nepal Building Code from 1994 which still governs construction in Nepal.10 The 
team found that this code was missing information and was outdated from current technologies 
and standards. The second reference that was considered was the International Building Code 
(IBC) from 2012.11 This code governed most of the design. Finally, the last reference that the 
team looked at was the earthbag building “rules of thumb” (suggestions for construction with 
earthbags from the Cal Earth Institute, which specializes in earthquake technology). At each step 
of the design, the team compared each of these three approaches. In all cases, the results from the 
IBC were more conservative than the Nepal Building Code.  
Because using the IBC meant the team “over-designed” per Nepal Building Codes, it was 
concluded that the design would still be acceptable within the country. For designing the 
alternative concrete foundation, the team calculated wind loads using the referenced ASCE 7 
from 201012 and the ACI 318 from 201413 within the IBC. In addition, to design the roof steel 
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members, the team chose to use the ASD (allowable stress design) method instead of the more 
popular LRFD (Load and Resistance Factor Design) method in the IBC. LRFD results in less 
material by allowing the steel to yield in a large event. Because there were so many unknowns in 
this project, such as the quality of materials and construction, it was believed that being more 
conservative by using ASD would give a more comfortable safety factor. 
The only component that was not constructed per IBC was the stacked stone foundation. 
It was concluded that the more economical and equally-safe option for the foundation stemmed 
from the earthbag rule of thumb instead of the IBC.  For more information about the foundation, 
please see “Special Features.” 
 
Key Values and Assumptions Used in Design Calculations 
Regarding the loads acting on the roof, the team used the design wind speed from the 
Nepal Building Code within the context of the IBC.10 This design wind speed of 47 meters per 
second (m/s) - which is approximately 105 miles per hour (mph) - was based on research done 
locally in Nepal and therefore provided an accurate representation of wind speed in this region. 
The roof live load was assumed to be the standard residential load of 20 pounds per square foot 
(psf), but the team also analyzed the roof members for two 180-pound persons standing in the 
middle of the largest span of purlin. This extra weight was based off the team’s personal 
experience in Nepal, where they observed two workers standing on the roof at the same time to 
nail the tin sheeting to the purlins.  
When analyzing the seismic base shear per IBC, spectral response accelerations from 
Kathmandu were used since the USGS seismic design tool available online no longer supports 
the location of Takure or even Nepal. Spectral accelerations recorded in Kathmandu, Nepal 
(which is about 200 kilometers from Takure) were 2.58 gravity (g) at short periods and 1.22 g at 
periods of one second.14 The response modification factor, R, which is used to reduce the design 
seismic force, is unknown for earthbag material and not specified in the code. In order to choose 
a value for R, the team went through a series of steps. First, the minimum code specified R value 
of 1.5 was considered. Yet, when comparing earthbags to materials that behave similarly (such 
as intermediate reinforced masonry shear wall, which has an R value of 3.5), the R value was 
increased to 3.0. In order to verify this was a safe assumption, the team capitalized on the 
empirical evidence that 55 earthbag homes survived the quake with little to no damage and 
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calculated a base shear force based on the shear friction between the foundation and the 
earthbags. The calculations used the normal force of an earthbag wall and the coefficient of 
friction between the earthbags and the foundation. Using this base shear value and the spectral 
accelerations, an R value of 6.9 back calculated. This high R value indicated that the assumed R 
value of 3.0 was safe and reasonable.  
When analyzing the foundation, all the values used in calculating settlement and bearing 
capacity were taken from average values for silty sandy soil based on information published in 
the Characteristic Coefficients of Soils by The Association of Swiss Road and Traffic 
Engineers.15  The soil of the site was identified as silty sandy soil by Nitzan Iserovitch, Conscious 
Impact’s construction site manager, and was further confirmed through observation when the 
team traveled to Nepal. Because the team was not able to perform any soil tests, the above 
mentioned average values were used. In order to calculate the dead load of the building, the team 
weighed a compacted earthbag onsite to determine a unit weight of 123 pounds per cubic feet 
(pcf).   
 
DESCRIPTION OF DESIGNED STRUCTURE 
Design Approach  
Because the team was designing in a country other than the United States, an alternative 
design approach had to be taken. First, the team researched the common building methods to 
determine typical techniques and capabilities. For example, regarding the roof truss, the team 
learned that wood was not a realistic option because it was too expensive and was generally not 
well-dried or regulated. Most people in Takure used steel roof trusses that were welded together. 
The team decided to design using this common method. The team also had to determine what 
materials were actually available. While in Nepal, the team visited the steel supplier that would 
be providing the materials for construction of the house and found that sizes were much different 
than in the U.S. Particularly, wall thicknesses were much smaller. By taking into account 
common building techniques, the team was able to design a house that could actually be built in 
this region of Nepal. Figure 6 summarizes the design approach described above.  
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Figure 6. Flowchart of Design approach. 
 
Detailed Design Results  
Roof 
For Sunita’s roof design, purlin sizes were 1.5” x 3” x 1.9 mm. The truss members were 
1.5” x 1.5” x 2 mm. Figure 7 shows the king truss roof. Figure 8 shows the plan view layout of 
the roof. 
 
Figure 7. King Truss Roof Design. 
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Figure 8. Plan View of Designed Roof. 
Roof Connections 
Spiral steel shanks with a 0.145” diameter or larger were used to nail the metal sheet roof 
to the purlins at the locations shown in Figure 9. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Location of roof nails and each nail’s tributary area. 
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The purlins were welded onto the truss with a minimum weld leg size of 1/16”. The same 
minimum weld leg size was used when welding the members of the truss to themselves. The 
connection from the roof trusses to the concrete beam that sits on top of the earthbags is shown 
in Figure 10. Rebar was embedded into the concrete beam with a horizontal embedded length of 
20 cm and also extended out from the top of the concrete beam. This extended rebar length was 
welded onto the truss with the same minimum weld leg size. When welding in Nepal, a typical 
weld size of ⅜” was used. 
 
Figure 10. Rebar embedded into the concrete bond beam and welded to the truss. 
 
Foundation Connections 
For a concrete foundation, if rebar is required to connect the house to the foundation, then 
the rebar should be spaced 0.2 m from any edge, with 3.35 m maximum spacing. In addition, 
rebar should be located in corners and by windows/doors to resist out of plane movement, per 
ACI code.13 Figure 11 shows the foundation connection with rebar. 
14 
 
 
Figure 11. Rebar embedded into the stone foundations and into the earthbags. 
If there is no connection from the foundation to the house, than the coefficient of friction 
between earthbag and concrete should be approximately 0.53. This value was found by a friction 
test in the Santa Clara University Structures Lab, pictured in Figure 12 below. The value of 0.53 
was found to be reasonable, as the coefficient of friction between bag to bag is 0.43 and bag to 
barbed wire is 0.63.9  
 
Figure 12. Friction test between earthbag and concrete paver. 
Foundation 
The stacked stone foundation was constructed to be a 0.6 m wide continuous foundation, 
0.45 m beneath the ground. This design passes bearing capacity and settlement analyses shown 
in Table 3 and Table 4, below. The bearing capacity of the soil was found using Terzaghi’s 
analysis. The settlement of the house after 50 years was determined using the Schmertmann 
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method. Figure 13 shows the completed stacked stone masonry continuous foundation for the 
home. 
Table 3. Bearing Capacity of Soil exceeds load of house. 
Actual Load Allowable Load 
13.7 KN/m 281 KN/m 
 
Table 4. Settlement of house is less than allowable settlement. 
Actual Settlement Allowable Settlement 
0.24 cm 2.5 cm 
 
 
Figure 13. Earthbag continuous foundation. 
Rainwater Catchment 
There were three primary steps taken to design the rainwater catchment system. First, the 
team conducted a hydrologic analysis to determine the precipitation values for Takure and 
Sunita’s water demands. Since this rural village is not located directly near any urban centers or 
rain gages, these rainfall values needed to be interpolated. Secondly, a daily time series was 
conducted in order to analyze how a certain tank size will perform over a given year. Given this 
analysis, the best tank size for Sunita’s needs was selected.  
The source for the precipitation data was taken from Kyoto University in Kyoto, Japan. 
This data source was chosen since it is the only long-term, continental-scale, gridded daily 
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dataset currently available.16 It was published in 2012. This rainfall gage information was taken 
from three primary sources: precompiled data from previous projects, the Global 
Telecommunications System (GTS), and the National Hydrological and Meteorological Services 
(NHMS) of each individual country studied. A summary of these data sources is shown in Figure 
14. In total, the number of rain gages summed to 5,000-12,000 stations, depending on the 
location chosen. For this project, the “Monsoon Asia” dataset was used. 
 
Figure 14. Map of the rain gage locations for the Kyoto University precipitation data source.16 
 In calculating Sunita’s water demands, the team looked at three types of demands: 
potable, crop, and rice alcohol brewing needs. For potable demands, the team estimated 25 liters 
per capita per day, which is based on a World Bank estimate for water demands in a developing 
country with no water source on the property.17 In order to gain information on the crop water 
demands, Sunita was interviewed and the types of small-scale crops that she plans to grow after 
her new home is completed were recorded. These included cash crops such as garlic and ginger, 
as well as crops she will use in her own kitchen, such as tomatoes, lettuce, and carrots. To 
calculate the water demands of these crops, CropWat was used, which is a computer program 
released by the Food and Agriculture Organization (FAO) from the United Nations.18 This 
program used the FAO-modified Penman-Monteith Method to find evapotranspiration values for 
each plant (see Equation 1). The team then used these values to calculate crop water demands 
and create a modeled irrigation schedule over the planting season. This totalled approximately 
1,300 liters (L) of crop demands, along with 27,375 L of potable demand, annually.  
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𝐸𝑇0 =  
0.408∆(𝑅𝑛−𝐺)+𝛾
900
𝑇+273𝑢2(𝑒𝑠−𝑒𝑎)
∆+𝛾(1+0.34𝑢2)
   (Eqn. 1) 
 
In terms of the rice alcohol brewing demands, Sunita revealed that she earns an income by 
brewing this alcohol, which she calls Roxy. She needs 160 L of water every fifteen days in order 
to make a batch of Roxy; therefore, the team incorporated these demands as well, totalling an 
annual Roxy need of approximately 3,895 L. This resulted in a final sum of 32,570 L of annual 
water needs for Sunita’s household.  
 After finding these water supply and demand values, a daily time series was created in 
Excel that models how a certain tank size performs for each of the 41 years of rainfall data 
obtained. A sample of the total spreadsheet of calculations for a 5,000 L tank is shown in Figure 
15. This tank size was the first to be evaluated since it is the largest since tank size currently 
available near Takure. For each day of the year, the team modelled the interpolated rainfall, 
amount of rainfall collected, the estimated potable demand for three individuals, the combined 
crop and Roxy demands, and how much water would then be stored in the tank. 
  
Figure 15. Sample of Daily Time Series for a 5,000 L Tank. 
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The collected rainfall was calculated using the Rational Method, shown in Equation 2. The 
collection efficiency is a function of the roofing material and the gutter and conveyance piping 
system; this value was assumed to be 0.80 according to collection efficiency values proposed by 
ASCE for tin roofing.19  
𝑃 𝑥 𝐴 𝑥 𝐶,      (Eqn. 2) 
 
where P = Precipitation (0-45 mm/day), A = Area of Roof (70 m2), and C = Collection 
Efficiency (0.80). 
 The primary purpose of this daily time series was to determine whether or not Sunita’s 
daily needs were met and whether or not the tank would overflow. As seen in Figure 16, the 
5,000 L tank being modelled meets Sunita’s needs during late June-early July and also overflows 
during this time period. This is because monsoon season starts in early June, so precipitation 
values are higher. The overall performance of the 5,000 L tank during the entire 41 year period is 
illustrated in Figures 16 and 17. Figure 18 shows that approximately 80% of Sunita’s needs are 
met by the combined source of rainfall and captured water throughout the year, mostly during the 
monsoon season, which runs from June to September. Meanwhile, Figure 17 shows that this tank 
would overflow for about a third of the time. This inherent tendency to overflow is simply due to 
the inherently abbreviated nature of monsoon rainfall patterns. 
 
Figure 16. Chart of % Daily Needs Met for a 5,000 L Tank. 
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Figure 17. Chart of % of Days of Tank Overflow for a 5,000 L Tank. 
 The team then moved forward to evaluate other tank sizes ranging from 1,000 L, which 
met 64% of Sunita’s demands, to 16,000 L, which met 100% of Sunita’s demands (see Figure 
18). In order to decide which tank size option would give Sunita the most benefit for its cost, a 
10-year present worth analysis was conducted and the present worth of the 1,000 L tank was 
found to be the highest at $1,200. This fact is illustrated in Figure 19. However, beyond Sunita’s 
situation, this tank size recommendation will vary based on each family’s needs. This depends on 
three primary decision factors: the home’s distance to a water source, the size of the property 
(whether it can accommodate a larger tank size and garden), and the level of demands. 
 
Figure 18. Plot of % Daily Needs Met for Various Tank Sizes. 
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Figure 19. Plot of 10-Year Present Worth Values for Various Tank Sizes. 
 
Special Features and Innovations 
One special feature of the earthbag home was the foundation connection. There were two 
design approaches considered for the foundation connection: the earthbag “rules of thumb” and 
the International Building Code. According to the earthbag rule of thumb, the house does not 
connect to its foundation.20 Meanwhile, per code requirements, a home must be connected to its 
foundation.13 After further engineering analysis, the team concluded that the International 
Building Code actually limits the full potential of the earthbag home in an earthquake. Therefore, 
the home was constructed according to the earthbag rule of thumb, with a frugal form of a base 
isolated foundation.  
When the house is not connected to its foundation, less shear is transferred to the house 
during an earthquake. The house and the ground are able to move separately from each other so 
that not all of the acceleration in the ground is transferred to the house. In addition, the material 
property of earthbags, which are filled with soil, actually dissipates energy and increases the 
damping ratio of the home, also decreasing the force on the the walls. This floating foundation 
concept for earthbags was pioneered by Nader Khalili from the Cal Earth Institute and is proven 
to work through empirical evidence.21 Of the 55 known earthbag homes in Nepal, all of them 
survived the 7.8 magnitude earthquake and did not slide off their foundations. More research 
should be done on base isolation in earthbag homes and why they are successful, but for the 
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purpose of this project, the team felt confident in working beyond code for this one instance to 
follow empirical evidence and earthbag rule of thumb. 
 
How Site-Specific Problems Were Solved 
Due to the fact that the project took place in Nepal, many problems and challenges arose 
during the course of the design and implementation of the earthbag home and catchment. The 
team was challenged to develop creative solutions in the midst of a resource-constrained 
environment. Table 5 summarizes a few of the problems the team encountered related to the 
earthbag site location in Takure, Nepal. 
Table 5. Site-Specific Problems and Corresponding Solutions. 
Problem Solution 
Site was located on a 
cliff, which limited the 
space available and 
caused greater wind 
speeds up the hillside. 
 
● The main entrance of the home and outdoor kitchen 
faces inwards toward the mountain in order to shield the 
kitchen from gusts of wind. Therefore, Sunita can still 
cook during a storm. 
● The size of the earthbag home was limited to the land 
available. 
● The smallest tank size available for the water catchment 
was chosen in part because of this limited space. 
Due to the absence of a 
scale at the earthbag 
site in Takure, it was a 
challenge to measure 
earthbag weight for the 
dead load calculations. 
● A balance made of bamboo was utilized to find unit 
weight of a compacted earthbag onsite by filling a 
bucket with in liter increments on one end with the 
earthbag on the other end. 
There were no means 
of tracking money sent 
to Nepal for 
construction costs. 
● Funds were given to Conscious Impact for construction 
materials in increments, and were contingent upon 
obtaining detailed receipts for each purchase made. 
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Problem Solution 
The risk that the 
earthbag home design 
would not gain 
acceptance in Takure, 
Nepal. 
● Local Nepalese masons, men, and women were hired to 
help build the house and learn more about earthbag 
technology. 
● The earthbag building technique was promoted through 
an easy-to-use manual in Nepalese (supplemented by 
the publication of Design Catalogue of Alternative 
Building Technologies released by the Nepali 
Government). 
  
Political and Safety Issues 
Political Issues 
There were two primary political issues related to the project that the team faced. First 
was the issue of government funding. The Nepali government announced that it will release up to 
$3,000 for each family seeking to rebuild following the earthquake.1 Yet, in order to receive this 
aid, Nepali residents had to build according to government-approved methods. Given the context 
that most in Takure had very limited funds to spare for rebuilding efforts, it was important for 
this project that earthbag technology be acknowledged by the Nepali government as an 
acceptable building method in order to receive this valuable funding. Although Conscious 
Impact reported that the Nepali government planned to approve earthbag technology, various 
types of reinforced stone masonry were the only methods officially accepted by the government 
at the time the project began. However, a few days following the team’s trip to Nepal, Nepal’s 
Ministry of Urban Development released a document of approved alternative building 
technologies, including earthbag. Therefore, Takure residents like Sunita, who chose to rebuild 
using earthbag, would be eligible to receive government aid. A sample of this “Design 
Catalogue” is shown in Figure 20.  
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Figure 20. Sample of Design Catalogue of Alternative Building Technologies Approved by the 
Nepali Government. 
 Another delicate political issue that was encountered during the course of the project was 
the issue of who would be chosen as the recipient of the earthbag home. At first, Conscious 
Impact was reluctant to have the home go to any individual family due to the controversy that 
may result within the Takure community. How could singling out a particular family to rebuild 
their home for free be justified? Although it was more impactful for the home to go to actual 
residents rather than act as a vacant “demonstration home,” it was a challenge to navigate the 
selection process. Conscious Impact proved invaluable in assisting the team; they acted as a 
community liaison and asked the close-knit Takure community to vote on who they believed 
should receive the home. Ultimately, Sunita was unanimously chosen to receive the home.  
 
How Additional Social Concerns Were Addressed 
There were many social impacts and concerns that were deeply woven into this project. 
As the team progressed through the design work, it was soon found that the implications of the 
project often transcended beyond simply the construction of a single earthbag home and 
rainwater catchment. Oftentimes, cultural context and impacts had to be taken into account. 
Summarized below are a few of the social concerns that this project addresses.   
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Seismic Safety Throughout Nepal 
Unlike in the United States, seismically-resistant shelter is not the baseline standard in 
Nepal. This poses a great safety risk that rebuilding efforts can work to mitigate. Therefore, 
along with the construction of the earthbag home, the team is compiling the design work and 
recommendations into a design manual in order to supplement the Design Catalogue of 
Alternative Building Technologies released by the Nepali Government. The purpose of this 
manual is to provide safe guidelines for families in Takure and beyond to reconstruct their homes 
using earthbag technology. The team plans to share this manual with local masons in Nepal 
(through Conscious Impact’s connections). Through the promotion and spread of this document, 
safe home designs will spread so the next time there is an earthquake, there will not be the same 
kind of destruction.  
 
Local Job Creation 
Conscious Impact makes it their goal to employ local workers in their projects. This is no 
different for the construction of the earthbag home design: the labor of volunteers, local Takure 
laymen and women, as well as local skilled masons were utilized to implement the project in 
Takure. This not only strengthens community relations and promotes awareness of earthbag 
technology, but also gives these villagers a precious source of income.  
 
Hope and Empowerment 
As previously stated, the team hired local community members throughout the 
construction of the project. The hope is that active participation in the process will empower 
these villagers to continue to rebuild their homes and livelihoods. It is been an incredibly 
tumultuous and painfully tragic journey since the Gorkha Earthquake. The completed house and 
attached rainwater catchment system stand as a testament to what is possible for each family in 
Takure.  
 
Sustainability 
Through its use of earthbags and its integration of a rainwater catchment system, this 
project is a living example of how to utilize local resources more efficiently. The team’s goal 
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was to introduce sustainable, earthquake-resistant, and water-smart building techniques that will 
spread in Nepal to become the new normal. 
  
COST ESTIMATE 
The total cost of the project construction, including labor and labor food costs, was 
approximately $6,700. A more detailed, itemized list of the project budget is seen in Appendix 
A. In terms of cost assumptions, there were a few gaps in knowledge of prices that may 
ultimately increase or decrease the true total price. For example, many of the tools used for the 
project (such as the tampers and wheelbarrow) were already readily available in the community; 
therefore, their costs were exempt. Additionally, the water catchment pipe and conveyance 
materials costs were approximated since they have yet to be purchased. These assumed material 
costs were taken from a previous senior design thesis that designed a similar catchment system in 
Rwanda.22 Meanwhile, all other material and construction costs are presented as accurately as 
possible for the Takure site since they were all actually purchased. In addition, for the roof steel 
materials, the team visited the supplier in Nepal to confirm the prices both in person and in 
writing.  
 
CONCLUSION 
In conclusion, the project adequately met its original design goals. In revisiting how the proposed 
solutions met the defined problems observed in Takure, all the design objectives were fulfilled 
(see Table 6).  
Table 6. Evaluation of Fulfillment of Proposed Design Solutions. 
Problem Solution Fulfilled? 
 
Lack of seismically resistant homes 
Seismically-resistant home 
design using Earthbag 
technology 
 
Yes 
Sparse Nepali government funds 
being released, totalling $3,000 per 
family 
 
Most cost-efficient design 
 
Yes 
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Problem Solution Fulfilled? 
Subsistence farmers want to expand 
their farming into cash crops despite 
the long dry season 
Design of rooftop 
rainwater collection 
system 
 
Yes 
 
Meanwhile, there are three takeaways that will improve the quality of this project and its greater 
impact on safe rebuilding efforts using earthbag technology. First, more research needs to be 
completed on the holistic behavior of earthbag structures. Although there is empirical evidence 
that 55 earthbag homes survived the Gorkha disaster in April, 2015, there is limited engineering 
research on exactly what the capacity of earthbag materials are. There needs to be more PhD-
level theses published on earthbag behavior, especially in areas such as isolated foundations. 
Secondly, the continued promotion of earthbag is necessary for the public acceptance of this 
material in Nepal. The project and its corresponding design manual established solid beginning 
steps toward the integration of alternative building methods into Nepal’s building efforts; 
however, there is still an uphill battle to overcome the uncertainty that stems from the 
unfamiliarity with this technology. Finally, in terms of the rainwater catchment, the tank size and 
design will depend on each family’s needs, property size, and distance from their current water 
source. 
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APPENDICES 
Supporting Calculations 
● Cost Estimate (APPENDIX A) 
● Dead Load Calculations (APPENDIX B) 
● Wind Load Calculations (APPENDIX C) 
● Seismic Calculations (APPENDIX D) 
● Roof Load Calculations (APPENDIX E) 
● Purlin & Truss Calculations (APPENDIX F) 
● Truss Member Calculations (APPENDIX G) 
● Weld & Shank Nail Calculations (APPENDIX H) 
● Foundation Calculations (APPENDIX I) 
● Foundation Rebar Calculations (APPENDIX J) 
 
Relevant Legal Constraints 
In order for families to receive the $3000 construction aid, they were required to rebuild using 
one of the methods described in a Design Catalogue published by the government. As of March 
2017, when the team traveled to construct the home, earthbag technology was not an approved 
method.  As of April 2017, the Design Catalogue for Reconstruction of Earthquake Resistant 
Homes Volume II was published, which included earthbag technology and other alternative 
building methods. Now earthbag is a viable option for people rebuilding in Nepal, and those who 
choose to build with it  
 
Detailed Drawings (APPENDIX K) 
Please see attached drawings for the earthbag home. 
*Satwika Taduri, an architect hired by Conscious Impact, created the following drawings. The 
team formatted the drawings, added labels, dimensions, and a border to better serve the purpose 
of this thesis. 
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Model: 
 
Load Assigns (Newtons): 
 
Reactions (Newtons): 
 
Axial Loads (Newtons): 
 
Shear Force (Newtons): 
 
Moment (N-m): 
 
AssXmStions: no wind no liYe load onl\ selI-weight and Soint load oI men standing on SXrlins 
Modeled the middle trXss (load oI two men) 
 
Load Assign (N): 
 
 
Reactions (N): 
 
Axial Loads (N): 
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